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In this paper, we show that a pseudo-Nambu-Goldstone Boson (PNGB) quintessence of sponta-
neous symmetry breaking (SSB) is responsible for an epoch of the late time cosmic acceleration.
We suggest that an N=2 PNGB quintessence of SSB can give the fast-roll inflation in evolution of
the Universe. In the N=2 PNGB quintessence model, the standard slow-roll condition in which the
absolute value of the tachyonic mass squared |m2q| of this model is much less than the square of
the Hubble constant H2, is broken down to the fast-roll condition, |m2q | = O(H
2). However, it is
shown that the fast-roll inflation associated with the N=2 PNGB quintessence of SSB can be led
to the epoch of the late time cosmic acceleration. Indeed, in the N=2 PNGB model, this epoch
can be quite long lasting since the mass of the N=2 PNGB quintessence field is extremely small as
mq ≈ 10
−33eV.
PACS numbers:
I. INTRODUCTION
The dark energy problem is one of the most important
hard problems to solve in elementary particle physics and
modern cosmology [1]. The observations related to Type
Ia supernova [2, 3], cosmic microwave background (CMB)
[4] and large scale structure (LSS) [5] all support that
the current Universe is experiencing cosmic acceleration,
which is driven by a dark energy with negative pressure.
One interpretation of the dark energy is the cosmo-
logical constant, which is determined by an energy scale
Λ such as the reduced Planck mass scale Mp = 2.43 ×
1018GeV in which vacuum energy density is given asM4p .
However, the cosmological constant has its own problems.
First, it suffers from a severe fine-tuning problem [6, 7].
This needs a extreme fine-tuning which adjusts vacuum
energy density by canceling the zero-point energy of the
vacuum to very high precision in order to give the cur-
rent dark energy density ρob ≃ (3meV)4. Second, it also
encounters the cosmic coincidence problem [8]. There is
no clearly understanding of why we are now living in the
Universe such that the current dark energy density ρob is
comparable to the present matter energy density ρ0m. Al-
ternatively, a pseudo-Nambu-Goldstone Boson (PNGB)
quintessence can play the same role as the dark energy,
which is currently dominating the energy density of the
Universe and subsequently relaxing to its ground state
[9].
The PNGB quintessence characterized by the domain
wall number N is determined with the two dynamical con-
ditions, a spontaneous global U(1) symmetry breaking
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energy scale f and an explicit symmetry breaking energy
scale M . The known N=1 PNGB models have theoreti-
cal advantages as compared to the cosmological constant.
First, it dose not need ad hoc fine-tuning mechanism to
cancel the zero-point energy of the vacuum. Second, the
cosmic coincidence problem in this model can be easily
solved by the two dynamical conditions without making
any assumptions. N=1 PNGB models have also benefits
as compared to the other quintessence models. In these
models, the shift symmetry of the PNGB quintessence
prevents quantum corrections due to the other fields from
spoiling flatness of the PNGB potential and the PNGB
quintessence from mediating a fifth force of gravitational
strength [10]. So far, many authors have further stud-
ied the possibility of the PNGB quintessence providing
the dark energy [12–15]. Kim and Nilles have proposed
the quintessential axion as the candidate of dark energy,
which is composed of a linear combination of two axions
through the hidden sector supergravity breaking [11, 17].
Although the existing N=1 PNGB models provide sev-
eral benefits as stated above, these models have their own
difficulties. Usually particle physics models such as N=1
PNGB quintessence [9, 16, 17, 20], supergravity inspired
quintessence [21–23] and string axiverse [24] have been
based on the assumption that a quintessence field driv-
ing the current cosmic acceleration satisfies the slow-roll
condition |m2q| ≪ H2. But Linde found that quintessence
models based on N = 8, N = 4 and N = 2 gauged su-
pergravity violate the slow-roll condition |m2q| ≪ H2 [25],
and soon proposed a new idea of a fast-roll inflation [26];
in N=1 PNGB models and supergravity inspired models,
the standard slow-roll condition |m2q | ≪ H2 is broken
down to the fast-roll condition |m2q| = O(H2). In some
N=1 PNGB quintessence models, it is turned out that
the quintessence field acts like dark matter rather than
dark energy at the present epoch [9]. Consequently, in
2N=1 PNGB quintessence-dominated era, the late time
cosmic acceleration can be accomplished only when the
initial conditions are fine-tuned for the N=1 PNGB field
to settle down near the top of its effective potential [18–
20].
In this paper, we show that an N=2 PNGB model of
spontaneous symmetry breaking (SSB) naturally can re-
solve the initial condition problems of the N=1 PNGB
quintessence models. It is also shown that the N=2
PNGB quintessence model of SSB can give the fast-roll
inflation in evolution of the Universe. Indeed, in the N=2
PNGB model, the late time cosmic acceleration can be
sustained for a sufficiently long time since the mass of
the N=2 PNGB quintessence field is extremely small as
mq ≈ 10−33eV. We propose an idea that dark energy
is originated from the N=2 PNGB quintessence of SSB.
This idea linking dark energy to SSB is quite natural in
the context of particle physics because SSB is a main
concept when it comes to describing realistic theories of
elementary particles.
Before turning to the details of the issue, let us briefly
explain how the SSB can work in the N=2 PNGB model,
whereas it can not happen in the existing N=1 PNGB
quintessence models. A spontaneous symmetry breaking
is the way of obtaining an asymmetric ground state by
arbitrarily selecting one of the degenerate vacuum states
[27]. Let us consider a system whose Lagrangian L has
a discrete Z2 symmetry, which is invariant under the re-
flection transformation Q → −Q. If this system is not
degenerate, the system has the reflection symmetry of L
and the ground state of the system is only one. How-
ever, if it is degenerate, due to the reflection symmetry
of L, the ground state of the system is not uniquely rep-
resented.
In the model of the N=1 PNGB field Q, its effective
potential V (Q) has only one minimum at Q = 0, and
thus spontaneous symmetry breaking can’t happen (see
FIG. 1). Classically, the N=1 PNGB field (the gray ball
in FIG. 1) starts to slowly roll down the hill toward the
potential minimum, and subsequently converts to nor-
mal modes of oscillation around the potential minimum
Q = 0. In the context of quantum field theory, the N=1
PNGB field will produce massive real scalar particles
with spin zero around the potential minimum Q = 0.
However, the N=2 PNGB field Q is not in that case.
Here its effective potential V (Q) has a local maximum
at Q = 0, and two local minima at Q = ±πF as we can
see in FIG. 2, where F is an axion decay constant with
F = f/2 . We see that the ground state is not unique
in the N=2 PNGB potential. If Z2 symmetry Q → −Q
is broken by the selection of one of the two degenerate
vacuum states, the ground state of the system will be in
one of two minima. In this case, the key point is that the
initial field configuration to respect Z2 symmetry should
be selected by such as background instantons [17, 28].
As a result, classically, the N=2 PNGB field can’t help
settling down initially on the very top of the effective
potential at Q = 0, and consequently taking field velocity
Q˙ = 0: the N=2 PNGB field requires essentially the
initial conditions Q = 0 and Q˙ = 0. However, from
the viewpoint of quantum field theory, the Z2 symmetry
of the N=2 PNGB field should be broken spontaneously
because of growing quantum fluctuations of the field as
we will show below.
This paper is organized as follows. In section II, we
summarize the dynamics of SSB for the N=2 PNGB field.
In Section III, we show that the fast-roll inflation in the
N=2 PNGB quintessence of SSB can be responsible for
the current cosmic acceleration. Section IV contains dis-
cussions and conclusions.
FIG. 1: N=1 PNGB potential, V (Q)=M4[1− cos(Q
f
)]. N=1
PNGB field (the gray ball down the hill) has only one mini-
mum at Q = 0. In this scheme, spontaneous symmetry break-
ing can’t happen. Classically, the N=1 PNGB field slowly
rolls down the hill, and subsequently will undergo damped
oscillations about the potential minimum Q = 0.
FIG. 2: N=2 PNGB potential, V (Q)=M4[1+cos(2Q
f
)]. N=2
PNGB field (the gray ball on the central hill) has one local
maximum at Q = 0, and two local minima at Q = ±piF .
In this scheme, the key point is that background instantons
initially should select such field displacement to respect Z2
symmetry. As a result, the N=2 PNGB field initially can’t
help settling down on the top of the potential at Q = 0, and
taking field velocity Q˙ = 0.
3II. N=2 PNGB FIELD AND SPONTANEOUS
SYMMETRY BREAKING
For definiteness, we consider the N=2 PNGB field
of SSB in the Minkowski spacetime. In the spacetime
coordinates xµ = (t, ~x) with the signature of metric
(+,−,−,−), the effective Lagrangian L for a PNGB field
is
L = 1
2
∂µQ∂
µQ− V (Q), (1)
where ∂µ denotes the derivative with respect to x
µ. With
the previously mentioned parameters M , N and f , the
generic form of the PNGB effective potential V (Q) in
Eq. (1) is given by
V (Q) = M4
[
1 + cos
(
N
Q
f
)]
, (2)
= 2M4 − 1
2
m2qQ
2 + · · · ,
where mq=N(
M2
f ) is mass of the PNGB field. In the
N=2 PNGB model, we take values as follows for f and
M : f = Mp, M=O(1meV). The N=2 PNGB potential
V (Q) then has minima at Q = ±πMp2 and a maximum
at Q = 0 with curvature V ′′(0) = −m2q.
Let us now see in detail the dynamics of the N=2
PNGB field of SSB. In this work, we consider only small
displacements (Q≪Mp) from the top of the N=2 PNGB
potential at Q = 0. Then the N=2 PNGB effective po-
tential (2) becomes
V (Q) = 2M4 − 1
2
m2qQ
2. (3)
Here the last term denotes that the field Q near the top
of the N=2 PNGB potential corresponds to the tachyonic
term with the negative mass squared V ′′(0) = −m2q.
For the approximate potential (3), the equation of mo-
tion for the N=2 PNGB field Q(t, ~x) looks as follows:
Q¨−∇2Q−m2qQ = 0 (Q≪Mp). (4)
Here ∇ denotes the spatial derivative with respect to ~x.
The N=2 PNGB modes Q~k(t) thus satisfy
Q¨~k + (k
2 −m2q)Q~k = 0. (5)
At early times t < tx (tx is a time for background instan-
tons [17, 28] to produce the effective cosine potential),
when the temperature T of the system is larger than M ,
that is, T > M , the continuous shift symmetry of the
N=2 PNGB field is completely restored so that the ex-
pectation value of the field is 〈Q〉 = 0. The N=2 PNGB
field then remains massless, and its potential is dynami-
cally irrelevant. When mq is zero, the mode functions to
(5) are given as:
Q~k(t) =
1√
2k
e−ik(t−tx)+i
~k·~x (t < tx), (6)
where k ≡ |~k|. We take that the mode functions describ-
ing quantum fluctuations in the symmetric phase Q = 0,
at the moment close to t = tx are the same as the one
for Eq. (6). At late times t > tx, when the temperature
T decreases below M , namely T < M , at t = tx back-
ground instantons turn on the tachyonic term, − 12m2qQ2,
corresponding to the negative mass squared −m2q. Con-
sequently, in the instantaneous quench, all modes k < mq
grow exponentially as follows:
Qk(t) =
1√
2k
e(t−tx)
√
m2q−k
2
(t ≥ tx). (7)
Using the Heisenberg picture, the quantum field of the
N=2 PNGB is given by
Q(t, ~x) =
∫
d3~k
(2π)3/2
[
a~kQke
i~k·~x + a†~kQ
∗
ke
−i~k·~x
]
. (8)
At t > tx, the modes with k < mq grow exponentially,
and their dispersion is defined by [29] as follows:〈
Q2
〉
= 〈0|Q(t, ~x)Q(t, ~x)|0〉 , (9)
≡
∫ mq
0
dk3
(2π)3
|Qk(t)|2,
=
e2mq(t−tx) [2mq(t− tx)− 1] + 1
16π2(t− tx)2 .
At t = tx, the initial dispersion of all growing fluctuations
with k < mq becomes〈
Q2
〉
= 〈0|Q(tx, ~x)Q(tx, ~x)|0〉 , (10)
=
∫ mq
0
dk2
8π2
=
m2q
8π2
.
At t > tx, to characterize the average amplitude of
quantum fluctuations of the N=2 PNGB field Q(t, ~x) in
vacuum state, we use the equal-time correlation function
〈0|Q(t, ~x)Q(t, ~y)|0〉. For a set mode functions Qk(t) the
correlation function is given by
〈0|Q(t, ~x)Q(t, ~y)|0〉 =
∫
k2dk
2π2
|Qk(t)|2 sin k|~x− ~y|
k|~x− ~y| .
(11)
By using the relation between the two-point correlation
function (11) and the fluctuations of the averaged field
[30],
〈0|Q(t, ~x)Q(t, ~y)|0〉 =
∫
dk
k
δQ2k(t)
sin k|~x− ~y|
k|~x− ~y| , (12)
we can infer the average amplitude δQk(t) of all growing
quantum fluctuations for the averaged field with k < mq
in (23):
δQk(t) =
k
2π
e(t−tx)
√
m2q−k
2
(t ≥ tx). (13)
At t = tx in (13), the averavge initial amplitude δQk of
the averaged field becomes
δQk =
k
2π
. (14)
4III. N=2 PNGB QUINTESSENCE AND COSMIC
ACCELERATION
In this section, we show that the late time cosmic ac-
celeration can be driven by the N=2 PNGB quintessence
of SSB. Here we will focus on the dynamics of the N=2
PNGB quintessence of SSB and the fast-roll inflation
within the self-consistent Hartree approximation [31].
We now turn to the FRW cosmology which is based on
the assumption that the Universe is isotropic and homo-
geneous on large scales. The dynamics of the flat FRW
universe is gvoerned by the Friedman equation:
H2 =
(
a˙
a
)2
=
1
3M2p
(ρm + ρQ), (15)
where a(t) is the scale factor with cosmic time t, ρm
and ρQ are respectively the energy density of matter and
the N=2 PNGB quintessence field Q. First of all, we
want to calculate the energy density ρQ and the pressure
PQ of the N=2 PNGB quintessence field Q. To do it,
we will follow Ref. [31] and break up the N=2 PNGB
quintessence field Q into its expectation value q(t) and
fluctuations φ about that value q(t):
Q(t, ~x) = q(t) + φ(t, ~x), (16)
where q(t) is q(t) = Tr[ρ(t)Q(t, ~x)] ≡ 〈Q(t, ~x)〉 and ρ(t)
density matrix. Then the dynamics of the homogeneous
component q(t) of the N=2 PNGB quintessence field Q
is determined by
q¨ + 3Hq˙ −m2qq = 0 (q ≪Mp) , (17)
where mq = 2(
M2
Mp
).
Hereafter, we will focus on the dynamics of the fast-roll
inflation in quintessence-dominated era. The dynamics of
the fast-roll inflation is related to the following three con-
ditions: first condition (a) is that the equation of state
of the N=2 PNGB field should satisfy PQ ≃ −ρQ. sec-
ond condition (b) is that tachyonic instability should be
triggered by the presence of tachyonic mass term such
as V ′′(0) = −m2q near the top of the potential. third
condition (c) is that the quintessence field should satisfy
the fast-roll condition |m2q| = O(H2). The quintessence
field then starts to roll down from the top of its effective
potential toward the potential minimum.
In Ref. [32] authors considerd the case that global
U(1) symmetry breaks down before very early inflation.
Here we consider the case that global U(1) symmetry
breaks down after early hybrid inflation in which an in-
flaton interacts with the Peccei-Quinn field [33]. We ex-
pect that the N=2 PNGB quintessence field Q acts as
the cosmological constant in matter-dominated era and
then want to calculate concretely the energy density ρQ
and the pressure PQ of the N=2 PNGB quintessence
field Q. To do so, we consider approximately the sim-
plest possibility, that is, the dynamics of the N=2 PNGB
quintessence field of SSB in Minkowski spacetime (ne-
glecting the expansion of the Universe). Then the dy-
namics of the homogeneous component q(t) of the N=2
PNGB quintessence field Q is determined by
q¨ −m2qq = 0 (q ≪Mp) (18)
and the solution is
q(t) = qxe
mq(t−tx), qx = q(tx) (tx ≤ t < t0) , (19)
where t0 is the onset of the late time cosmic acceleration.
In this case the energy density ρQ and the pressure PQ
of the N=2 PNGB quintessence field Q are given by
ρQ =
1
2
q˙2 +
1
2
〈
φ˙2
〉
+
1
2
〈
(∇φ)2〉+ 〈V (Q)〉 , (20)
PQ =
1
2
q˙2 +
1
2
〈
φ˙2
〉
− 1
6
〈
(∇φ)2〉− 〈V (Q)〉 ,
where the expectation value of the potential energy den-
sity V (Q) and the kinetic energy density of the homoge-
neous field q(t) are respectively given by
〈V (Q)〉 = 2M4 − 1
2
m2qq
2 − 1
2
m2q
〈
φ2
〉
, (21)
1
2
q˙2 =
1
2
m2qq
2 ∼ m
4
q
8π2
.
Here q˙ = mqq from (19) and the initial field displace-
ment q is q ∼ qx ∼ mq2π when k ∼ mq in (14), thus
1
2 q˙
2 = 12m
2
qq
2 ∼ m
4
q
8π2 ≪ 2M4 (mqM ∼ 10−30). We see that
V (Q) is given by the approximate potential (3). In the
approximate case it is straightforward to get solution to
the Klein-Gordon equation (4). As stated above, solution
to the equation is given by the quantum field (8). Let
us use the quantum field to estimate the energy density
ρQ of the N=2 PNGB quintessence field Q. The main
contribution to the growing quantum fluctuations φ of
the N=2 PNGB quintessence field Q is given by fluctua-
tions φ with k ≪ mq. In the limiting case (k ≪ mq), we
calculate the mode functions of quantum fluctuations φ
of the field Q:
φk(t) =
1√
2k
emq(t−tx) (t ≥ tx). (22)
At t = t0, setting mq(t0 − tx) ∼ 1, the initial dispersion
of all growing fluctuations φ with k ≪ mq is
〈
φ2
〉
=
∫ mq
0
dk3
(2π)3
e2mq∆t
2k
, (23)
=
m2q
8π2
e2mq∆t,
∼ m
2
q
8π2
.
where ∆t = t0 − tx. Substituting the initial dispersion
relation (23) into 12m
2
q
〈
φ2
〉
in (21), we obtain
1
2
m2q
〈
φ2
〉 ∼ m4q
16π2
. (24)
5The initial expectation value of the gradient energy den-
sity of the fluctuations φ is
1
2
〈
(∇φ)2〉 = m4q
32π2
e2mq∆t, (25)
∼ m
4
q
32π2
,
and the initial expectation value of the kinetic energy
density of the fluctuations φ is given by
1
2
〈
φ˙2
〉
∼ m
4
q
16π2
. (26)
From the ratio of the PNGB quintessence field mass
to the explicit symmetry breaking energy scale,
mq
M ∼
10−30, we find that each of Eq. (24), Eq. (25) and
Eq. (26) is much smaller than 2M4, that is, 12m
2
q
〈
φ2
〉
,
1
2
〈
φ˙2
〉
, and 12
〈
(∇φ)2〉 ≪ 2M4. Thus it follows that
equation of state of the N=2 PNGB quintessence field is
PQ ≃ −ρQ, that is, wQ = PQρQ ≃ −1. Hence first condi-
tion (a) is satisfied.
As mentioned in section II, at late times, as the Uni-
verse expands, when the temperature T decreases below
M (i.e., when T < M), then at t = tx, Background
instantons switch on the tachyonic mass term − 12m2qQ2
near the top of the N=2 PNGB potential. Consequently,
tachyonic instability in this model is triggered by the
presence of tachyonic term such as V ′′(0) = −m2q. thus
(b) is also met.
We finally check the fast-roll condition (c). The first
term 2M4 in Eq. (21) is much greater than
m4q
16π2 , thus
we get 12m
2
q
〈
φ2
〉 ≪ 2M4. From Eq. (25) and (26),
we also obtains that 12
〈
φ˙2
〉
, 12
〈
(∇φ)2〉 ≪ 2M4, and
hence ρQ ≃ 2M4. In the N=2 PNGB quintessence-
dominated era, the constant ρQ makes the Hubble pa-
rameter in the Friedman equation (15) remain almost
unvarying. Substituting ρQ ≃ 2M4 into the Friedman
equation (15), neglecting ρm and combiningmq = 2(
M2
Mp
),
we obtain that m2q ≃ 6H2. Therefore the fast-roll condi-
tion |m2q | = O(H2) is also satisfied.
Before estimating the number of e-folds during the
epoch of the late time cosmic acceleration, let us first
check for a moment the cosmic coincidence problem.
In matter-dominated epoch (tx ≤ t < teq), where teq de-
notes dark energy-matter equality time, the scale factor
is given as a(t) ∝ t 23 . At t = tx, matter energy density is
given as ρm > ρQ ≃ 2M4. At late times, as the Universe
expands, the matter energy density with w = 1/3 falls off
as ρm ∝ a−3, and the N=2 PNGB quintessence energy
density with wQ ≃ −1 is constant as ρQ ∝ a0. As a re-
sult, at t > teq, it is reversed to ρQ > ρm. Therefore the
cosmic coincidence problem in this model can be solved
without making any assumptions.
We have showed that the fast-roll inflation triggered
by the N=2 PNGB quintessence of SSB is responsible
for an epoch of the late time cosmic acceleration. Let
us now calculate the total exponential expansion of our
universe during the epoch of the late time cosmic accel-
eration. At the current epoch t = t0, the energy density
of the N=2 PNGB quintessence ρQ(t0) is order of magni-
tude ρcrit(t0), i.e., ρQ(t0) ≃ ρcrit(t0) ≃ 2M4. In the N=2
PNGB quintessence-dominated era, because the energy
density of the N=2 PNGB quintessence ρQ(t0) and the
Hubble parameter H in the Friedman equation (15) re-
main almost unvarying, consequently the solution to Eq.
(17) is given as
q(t) = q0e
α(y)H(t−t0) (t ≥ t0), q0 = q(t0), (27)
and
α(y) =
√
y +
9
4
− 3
2
, y =
m2q
H2
. (28)
As mentioned earlier, classically, the N=2 PNGB
quintessence field requires essentially the initial condi-
tions qx = 0 and q˙x = 0. But we see that quantum fluc-
tuations φ of the N=2 PNGB quntessence field prevent us
from taking qx = 0, since qx can’t be taken smaller than
an average initial amplitude δφk(tx) of quantum fluctu-
ations with momenta k < mq. We set the initial field
displacement qx to qx ∼ δφk(tx) ∼ mq10 [26]. In addition
the current field displacement q0 ∼ qx ∼ mq10 ; here we
used mq∆t ∼ 1 and q0 = qxemq(t0−tx). In Eq. (27) we
have field velocity q˙ = αHq, and find that q˙0 ≪ q0, and
initial conditions q0, q˙0 thus satisfy q˙0 ≪ q0 ≪ Mp. Eq.
(27) and Eq. (28) allow us to evaluate the number of e-
folds for the total exponential expansion of our universe
during the era of the late time cosmic acceleration:
eH(t−t0) ∼
(
10q
mq
) 1
α(y)
. (29)
We see that 〈V (Q)〉 ≃ V (q) = 2M4 − 12m2qq2. Here we
neglected the
〈
φ2
〉
+ higher order terms of the inhomo-
geneous component φ of the N=2 PNGB quintessence
field Q. For the approximate potential V (q), the late
time cosmic acceleration is valid until q(t1) = 10
−3Mp
because q(t1) is much less than Mp/
√
2: here we used
the potential condition for the accelerated expansion,
1
2M
2
p (
V ′
V )
2 ≪ 1. This is a good approximation. Then we
havem2q ≃ 6H2 and hence we find that y = 6, 1α(6) = 0.73
and mq ≃
√
6H ∼ 2× 10−60Mp. From (29), we obtain
eH(t1−t0) ∼
(
1057
)0.73
∼ 1042 ∼ e96. (30)
Thus, Eq. (30) shows that the fast-roll inflation in the
N=2 PNGB quintessence is responsible for up to 96 e-
folds of the total exponential expansion of our universe
during the epoch of the late time cosmic acceleration.
IV. DISCUSSIONS AND CONCLUSIONS
In this paper, we have proposed an idea that dark
energy is originated from the N=2 PNGB quintessence
6of spontaneous symmetry breaking. We have investi-
gated the dynamics of the N=2 PNGB quintessence of
SSB and the fast-roll inflation which happens when the
quintessence field starts to roll down fast from the top of
its effective potential toward the potential minimum.
We have found that in the N=2 PNGB quintessence
model, the fast-roll inflation associated with SSB allows
the accelerating expansion of the Universe to occur. It
has been shown that the fast-roll inflation, in the N=2
PNGB quintessence, is responsible for up to 96 e-folds of
the total exponential expansion of the Universe during
the epoch of the current cosmic acceleration. Indeed,
in the N=2 PNGB model, this epoch is sustained quite
long since the mass of the N=2 PNGB quintessence field
is extremely small as mq ≈ 10−33eV.
In N=1 PNGB quintessence models, the late time cos-
mic acceleration could be only achieved by fine-tuning
the N=1 PNGB field to make the quintessence settle
down near the top of its effective potential for a long
time to simulate the cosmological constant. But in the
N=2 PNGB quintessence model we have shown that SSB
applied to the N=2 PNGB quintessence naturally re-
solves not only the initial condition problems but also the
imperfect late time cosmic acceleration of N=1 PNGB
quintessence models. It has been also shown that in this
model the cosmic coincidence problem could be easily
solved without making any assumptions by the two dy-
namical conditions, spontaneous breaking scale Mp and
explicit breaking scale M .
The most important consequence in this work is the
observation that the first stage of the late time cosmic
acceleration occurs not due to the slow-rolling down of
the quintessence field but due to the fast-rolling down
from the top of the quintessence field associated with
spontaneous symmetry breaking. Although we have used
the idea and observation on the N=2 PNGB quintessence
for the dark energy problem, it seems to be applicable to
the problems on the inflationary initial condition.
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